Background: Non-communicable chronic diseases (NCDs) have become the top threat in China. This study aimed to estimate the prevalence of major NCDs among the elderly population in rural areas in southern China and explore its associated social determinants. Methods: A multistage cluster random sampling methodology was adopted to select a total of 9245 rural elderly people from 3860 rural households in Guangdong Province. Interviews and physical examinations were performed to collect patient information.
Introduction
With the worsening global environment and the increasing prevalence of aging, non-communicable chronic diseases (NCDs) have become the main health problem worldwide [1, 2] . In developed countries, NCDs now account for an estimated 80% of total deaths and 70% of the total number of disability-adjusted life-years (DALYs) [3] , and it is expected to serve as the major cause of global death and disability by 2020 [4, 5] . In China, the occurrence of NCDs is increasing yearly. NCDs such as cerebrovascular diseases, cancer, heart diseases, and chronic respiratory diseases have caused most of the burden of ill health, exceeding the burden caused by traditional communicable diseases. The NCD-related medical costs account for approximately 70% of the total health care expenditures [6, 7] . Therefore, studies on the prevention and control of NCDs are urgently needed.
Aging is also a very serious social problem globally. It has been reported that the number of people aged sixty years and above is estimated to increase by more than triple, especially in developed countries, where elderly people are expected to account for at least one-third of the total population within the next fifty years [8] . As shown in many studies, aging leads to a series of problems, with the most concern being the escalating medical expenditures and higher morbidity and mortality [9, 10] . It is noted that those problems tend to be worse in rural areas than that in urban areas due to unbalanced economic development and an unequal distribution of health care resources [11] [12] [13] .
During the last two decades, a large number of studies have been conducted to elucidate the factors associated with NCDs. Those studies found that NCDs represented a complex concomitant of biological, social and psychological factors, but the predominant point is that NCDs are mainly associated with lifestyle. For example, studies have demonstrated that people who had stronger social support were less likely to suffer from NCDs, and people with well social support were more likely to develop positive health behaviours, including better adherence to medical treatment regimes, exercise, healthy diet, and smoking cessation [14] . Mental status, including feelings of enrichment and happy life, depression [15] , loneliness [16] , memory and concentration were also associated with NCDs since it was usually related with the neurophysiological system of human beings, which play a more important role in stabilizing the internal environment.
Previous studies have also shown that physical exercise could be linked to longevity regardless of genetic factors. Even at an older age, physical activity (PA) can significantly reduce the risk of coronary heart disease, diabetes, high blood pressure, and obesity, help to reduce stress, anxiety and depression, and improve lipid profile [17] . PA can also reduce the risks of colon cancer, breast cancer and ischemic stroke [18, 19] . A moderate level of PA for more than one hundred and fifty minutes or vigorous PA of sixty minutes per week at gym, home, or elsewhere can reduce the risk of developing coronary heart disease by approximately 30% [17] . However, under the context of industrialization and urbanization, the mechanized transportation have largely reduced daily PA in both developed regions and developing countries, and currently more than 60% of the global populations are considered to have insufficient PA.
With the increasing medical standards and universal health awareness, the concerns for elderly people's health have become the focus of society. In China, the five major common NCDs including hypertension, diabetes, stroke, heart disease, and chronic obstructive pulmonary disease (COPD) have become an important public health issue that seriously endanger people's health as the number of deaths from NCDs accounted for more than 80% of deaths due to all illnesses [20] . To reduce the incidence of NCDs, strategies focusing on the drivers of the epidemic and social determinants of NCDs must be developed. The presence of co-morbidities and substance use are common among the elderly population, yet the social factors that determine the course of the NCDs epidemic and measurements to quantify exposure to these risk factors have been inadequately researched in China. In this study, we aimed to assess how social factors affected the elderly people suffer from the major NCDs in southern China, thereafter providing evidence-based recommendations for better NCDs management and enriching the international experiences of NCDs control.
Methods

Study Design and Sample Subjects
We conducted a cross-sectional study to randomly select 9245 rural elderly people (aged ≥60 years) from 3860 rural households in Guangdong Province in southern China. The baseline information of the recruited subjects was collected from March to September in 2010 using a valid questionnaire. The study was approved by the Ethics Review Committees of Guangzhou Medical University in China. All participants provided voluntary informed consent.
After China's new round of medical and health care system reform in 2009, the Chinese government has turned to build a community health service (CHS) network that will allow residents to access primary care within a fifteen-minute walking distance and to provide more reasonable medical coverage, and every CHS facility is responsible for the service of several communities [21, 22] . According to the social and economic development level, Guangdong Province is divided into four regions: northern area, central area (the Pearl River Delta), eastern area, and western area. A multi-stage cluster random sampling method was used to recruit the elderly resident population from the agency which were selected randomly from different geographic regions in Guangdong Province. In the first stage, nine cities were selected, including two cities in the west, two cities in the north, two cities in the east and three cities in the central. In the second stage, one CHS facility was chosen randomly according to their registered code in each city. In the third stage, five villages were selected within the service area for each agency. Accordingly, forty-five villages were randomly selected from each of the nine randomly selected agencies. The total sample size in the study was 9245. The inclusion criteria of the study subjects were: (1) Subjects aged sixty years and above; (2) Regular residents who have lived in these committees for at least six months.
Both qualitative (observation and interview) and quantitative (questionnaire survey) methods were used. The questionnaires collected self-reported information on the subjects' basic demographic data and their current community social support. The household face-to-face interviews were conducted by welltrained interviewers who were composed of undergraduate students at Guangzhou Medical University and community medical staff trained by the principal investigator.
Measurement Tools
The community doctors and nurses conducted the physical examinations. We documented all selfreported chronic diseases that were either diagnosed previously at any hospital or newly identified onsite during the study. This study focused on five major NCDs, including hypertension, diabetes, stroke, heart disease, and chronic obstructive pulmonary disease (COPD), which are prevailing in the community threatening people's health [23] . Subjects with chronic health status were defined as those who were diagnosed with at least one of the chronic disease above at hospitals or who were found having a chronic disease during the survey.
The chronic diseases were recorded according to the disease classification standard of outpatient service in the government annual report established by the Ministry of Health, P.R. China. The diagnosis standard of essential hypertension was in accordance with the 1999 World Health Organization International Society of Hypertension (WHO-ISH) guidelines for hypertension management. Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg (or SBP ≥130 mmHg/DBP ≥80 mmHg for those with concomitant diabetes). Patients with diabetes, COPD, stroke and heart disease were determined according to previous hospital diagnostics.
The questionnaire development [24] included literature review, focus group discussions, construction of items, pilot study, followed by a formal study to investigate preliminary validity and reliability. Focus group discussions were held among twelve specialists and eight local community medical staff. The professional areas of the specialists covered chronic disease management, epidemiology, CHS, and psychology. Focus group discussions were led by a trained moderator who adhered to a pre-defined question guide. The first theme of questions asked about the PA of the participants, and the second theme asked about the three aspects about family support including activities of daily living (ADL), mental status, and social relationship. The discussions were recorded, transcribed verbatim, and processed as text until no new themes emerged. A qualitative content analysis was conducted.
The item pool for the questionnaire was generated from the themes associated with major NCDs among elderly population on the PA, mental status, and social relationships that were discussed in the focus groups. In addition, we conducted a literature review and solicited expert opinions (provided by a panel comprising three experts of NCDs management, two psychologists, three CHS experts, three epidemiologists, two physicians and two nurses). After the items were written, the focus groups were used again to discuss whether the items were relevant, clear, unambiguous, and written in language that would be understandable to potential respondents. Items with an endorsement rate lower than 0.2 were discarded. The face validity was assessed by five specialists in nursing, public health, and statistics. The content validity index (CVI) of the questionnaire was 0.92. Reliability of the questionnaire was assessed by one hundred subjects in Zhongshan city of Guangdong Province. The Cronbach's alpha score was 0.88 and the intra-class correlation coefficient (ICC) was 0.90, showing good international reliability. The finial questionnaire included demographic information, the PA of the participants, and the three aspects about family support.
We used a questionnaire regarding family relationships which asked the following 11 questions. ADL questions included: (1) For the ADL questions, we asked each respondent to rate the level with five-point scales (0 = "starkly unable", 1 = "probably unable", 2 = "half unable", 3 = "a little problem", 4 = "no problem"), mental status with five-point scales (0 = "none at all", 1 = "occasionally have", 2 = "sporadic", 3 = "regularly have", 4 = "always have"), and the social relationship with a six-point scale (5 = "excellent", 4 = "good", 3 = "average", 2 = "rather poor", 1 = "poor", 0 = "none communication"). For the reversed scales of some items, we still adopted the scales on the basis of whether it is the positive items or not, especially for the mental status. The higher scores in elderly people indicated the self-reported better health conditions. Points were given based on the answers to these questions. For the questions about ADL and mental status, subjects were classified into three grades according to the scores in order to indicate the level of situations: low (0-7), moderate (8) (9) (10) (11) , and high (12) (13) (14) (15) (16) . For the social relationship, subjects were classified into two grades according to the scores in order to indicate the level of situations: suboptimal (0-11) and good (12) (13) (14) (15) .
Health status was assessed on the basis of response to a self-perceived statement "How do you evaluate your present health condition?'' (1 = "excellent", 2 = "good", 3 = "average", 4 = "rather poor", 5 = "poor"). In this study, subjects who responded "excellent" or "good" were considered as having good self-perceived health status, and those who responded else were considered as having a suboptimal self-perceived health status.
PA has been defined as "any bodily movement produced by skeletal muscles that resulted in energy expenditure". We divided PA into aerobic and anaerobic activity by the following criterion: twenty-sixty minutes of moderate-to high-intensity endurance exercise (60%-90% of the maximum heart rate or 50%-85% of the maximal aerobic power) performed three or more times per week. We counted Tai-Chi, gymnastics, walking, hiking, dancing, playing basketball, swimming, bicycling, yoga, and jogging, all of which are common aerobic PA in China.
Statistical Analysis
All questionnaires were checked for completeness. The EpiData software (version 3.1) was used for data entry. Double entry was conducted to ensure data accuracy. The SAS system (version 8.2; SAS institute Inc., Cary, NC, USA) was used for data cleaning and analysis. The data were presented as rates, and differences between groups examined using the chi-square test. All alpha levels were set to 0.05. The logistic regression analysis was performed to analyze factors associated with the presence of five major NCDs among the rural elderly people. Variable selection for multiple regression analyses was conducted using a stepwise entry process, and the presence of NCDs was input as the dependent variable (1 = yes, 0 = no). A univariate logistic regression analysis was conducted, considering fourteen related factors including age, gender, marital status, education, smoking habit, alcohol consumption, PA, employment status, economic status, living arrangement, subjective health, ADL, mental status and social relationship. Factors demonstrated to be statistically significant in the univariate analysis were entered into a multivariate logistic regression as independent variables in order to analyze the influencing factors associated with the presence of five major NCDs among the rural elderly population, and the backward LR method was used to build the regression model with 0.05 as the inclusion standard and 0.10 as the exclusion standard.
Ethical Approval
All research was conducted with integrity and in line with generally accepted ethical principles and approved by Research Ethic Committee of Guangzhou Medical University in China. All participants read a statement that explained the purpose of the survey and gave written informed content before participation in the study.
Results
Demographic Characteristics of Diseased and Non-diseased Elderly People
Of these 9245 rural elderly people aged sixty years and above, 3559 (38.5%) people were suffering from major NCDs included in the study. We divided the participants according to the presence of NCDs. The average age of the elderly people in the diseased and non-diseased group was 72.30 and 69.98 years, respectively. The demographic information between the two groups differed significantly in terms of age (p < 0.001), smoking habit (p < 0.001), alcohol drinking (p < 0.001), PA (p < 0.001), marital status (p < 0.001), education (p < 0.001), employment status (p < 0.001), economic status (p < 0.001), living arrangement (p < 0.001) and self-rated health status (p < 0.001) ( Table 1) . The results showed that the prevalence of hypertension was the highest among the five major NCDs in the different age groups and genders, and the prevalence of COPD was the lowest. In general, the prevalence of hypertension, COPD, stroke and heart disease increased with ageing, although the opposite trend was observed for diabetes. The prevalence of five major NCDs among rural elderly people differed significantly by gender and age (p < 0.001) ( Table 2) . In the different age groups, rural elderly people aged above 60 years showed a higher rate of developing major NCDs. The proportion of people who suffered from three or more major NCDs in the age group (60-69 years) was 45.5% (for males) and 14.9% (for females), respectively (χ 2 = 2933.719, p < 0.001). The proportion of those with three or more major NCDs among subjects aged between 70-79 years was 39.0% (for males) and 59.6% (for females) (χ 2 = 5.898, p = 0.117). We observed gender-specific differences in the prevalence of NCDs among subjects aged between 60-69 years and 80-89 years (Table 3) . 
Family Support Scores
The scores of non diseased elderly people were much better than that of diseased people in ADL (none-diseased group, 71.3% versus diseased group 55.0%) and mental status (none-diseased group, 44.2% versus diseased group 32.4%) in the grade of high scores, and the proportion of non diseased group (81.5%) among elderly people who have good social relationship was significantly higher than that of diseased group (77.2%). And there was significantly different between the two groups in all of the ADL (χ (Table 4) . Table 4 . Scores of ADL, mental status and social relationship among the rural elderly people, (n = number, %). 
Parameters
Determinants of Suffering from Major NCDs Associate with Family Support
The results of the multivariate logistic regression showed that the major influencing factors associated with the presence of five major NCDs among the rural elderly people included: age: 70-79 years group and 80-89 years group; education level: senior high/technical secondary school and junior college and above; mental status: concentration, enriched and happy life and memory; social relationship: relationship with neighbours; ADL: being able to climb three floors, bend over and knee bending, or squat; PA; marital status: bereft; living arrangement: living only with offspring, living with family members. The opportunities of suffering from NCDs among elderly people was increasing with age and education level, and the status of concentration, and the relationship with neighbours and bend over, knee bending or squat could also increase the opportunities of suffering from NCDs. The elderly people who have enrichment and happy life, good memory and ADL, and could climb 3 floors may have the fewer opportunities suffering from NCDs (Table 5 ). 
Discussion
With the samples drawn in the study, we estimated that more than one-third (38.5%) of the rural elderly people aged sixty years and above in southern China were suffering from any of the five major NCDs. Of the diseased group, the number of people aged seventy years and above was obviously higher than that of the disease-free group. Some studies have reported that chronic diseases affected people of all ages, and the prevalence of chronic disease was strongly related to age [25, 26] . In this study, the result of regression analysis showed similar findings that aging was positively associated with the presence of major NCDs, especially for the 70-79 and 80-89 years age groups. A higher level of education was also associated with the likelihood of developing major NCDs, which might be due to the low proportion of high education among the elderly participants.
This study also showed that the conditions of ADL, mental status and social relationship among elderly people of the non-diseased group were significantly better than those of the diseased group. The regression analysis showed a positive association between the level of self-perceived life enrichment and happiness and the absence of major NCDs. In addition, those who had a better memory were less likely to suffer from major NCDs. The increase in the psychological concentration was positively correlated with the increased likelihood of developing NCDs, and those who had a better relationship with their neighbours were more likely to suffer from major NCDs. Similarly, some studies on negative social exchange suggested that the presence of social relationships may actually add stress to a person's life rather than reduce it, especially if the relationship is too demanding, insensitive and interfering, or if those with whom one is in contact suffer from serious problems of their own [27, 28] .
International studies have indicated that PA can significantly reduce the risk of NCDs [17, 29] . In this study, elderly people who engaged in PA or those who could climb three floors by themselves alone were significantly less likely to develop major NCDs, whereas elderly people who could not bend over, bend at the knee, or squat easily were much more likely to suffer from major NCDs, perhaps because these activities were more strenuous for most of the elderly people.
Many reviews have indicated that spouses were the most studied dyad in the context of health and mortality [30, 31] . In particular, a large number of studies have focused on the marital status of divorce, widowhood and spousal hospitalization [30] . These studies indicated that marital status, especially divorce and widowhood was closely related to the health of the elderly people, and was the significant risk factor of their mortality [25, 32] . In addition, elderly people who were in a marriage were more likely to exercise if their spouse did so since they may have more chances to perform aerobic PA [33] . Elderly people with a stable marriage may have much more support from their families.
Our study found that the proportion of bereft and people who only lived with a spouse or alone in the diseased group was significantly higher than that of the non-diseased group. The regression analysis results showed that the elderly people who were widowed were more likely to suffer from major NCDs compared to those who were unmarried; compared to elderly people who were living only with their spouse, those living with their offspring and other family members were less likely to suffer from major NCDs.
Limitations
This study has several limitations. First, we could not establish the causal relationships between family support, PA, and suffering from major NCDs using a cross-sectional study design. Further interventional studies based on the findings in this study might help provide more evidence for the establishment of the relationship, such as the objective health measures of biomarkers [34] to reduce the bias of the patients' self-reports. Also, information bias might exist since the data collected from the elderly people were self-reported, although on-site physical examinations were conducted to substantiate the presence of chronic diseases. Furthermore, there were other potential factors that were not taken into account in this study. For example, district-level variations existed among the study cities as well as the provider-level disparities in the quality of care provided by different community health centres, as the organizational model of primary care itself may impact primary care quality [35] and may be associated with the health status of the study population.
Conclusions
This study demonstrated that PA and family support have a positive influence on health status in elderly people. In the field of NCD management and control, the importance of good social and family support on the health status of the elderly rural population should be considered. In the process of the development of CHS in China, person-centred concept of service should be more emphasized in order to resolve the physical, psychological and social problems related to health. We recommend that this should be incorporated into the training plan for the medical staff as a core concept during their daily clinical practice. participated in the study design and performed the statistical analysis. All of the authors read and approved the final manuscript.
